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Experimental section

Preparation of Plain Graphene
CVD graphene was grown on Cu foils (Alfa Aesar, 99.999%) under a constant pressure of 0.5 mTorr with 50 sccm CH4 and 20 sccm H2 as precursors at 1000 ˚C. Both sides of Cu foil were covered by monolayer graphene. To transport the sample, we clamped graphene/Cu foil in between weighing paper and then glass slides. To maintain the flatness of graphene/Cu foil at every step is critical in achieving clean transfer. A thin layer of PMMA (Microchem, A4, 2000 rpm) was spin-coated on one side of Cu foil, and O2 plasma (Micro, 200sccm air, 100 mTorr, 30 seconds) was used to etch the graphene on other side of Cu foil. Subsequently, the whole film was soaked in 0.1 mol/L ammonium persulfate ((NH4)2S2O8) solution for about 2 hours to etch away the Cu foil.
The as-obtained PMMA/Graphene film was washed in DI-water several times, and laid onto target substrates. Right after the film was dried on the substrate, it was sequentially soaked in acetone, 1:1 acetone:IPA, and IPA for 30 seconds each to remove PMMA. To stack the following layers with repeated graphene transfer, the adhesion between the initial layer of graphene film and substrates is enhanced by either heating the sample at 100 ˚C for 15 min or keeping it in vacuum overnight. This is to avoid the detachment of underlying graphene film from the substrates during PMMA removal. For a clean transfer, we normally chose to dry PMMA film in vacuum at room temperature, and afterwards soak the final graphene stacks in acetone for several days to remove PMMA residues as much as possible.
Preparation of G-CNTs-G
Plain monolayer graphene was first transferred from Cu foil onto SiO2/Si wafers using aforementioned method. CNTs produced using the arc discharge method (P2-SWNT from Carbon Solutions) were dispersed in n-methyl 2-pyrrolidone using a probe sonicator (Cole Parmer Ultrasonicator 750 W) at 30% power for 30 minutes. The initial concentration of the mixture was 200 μg/mL. The resulting dispersion was centrifuged at 8000 rpm for 30 minutes, and the top 80% of the solution was aspirated for use in spraycoating. The CNT solution was spraycoated onto previous graphene covered SiO2/Si wafer at 200 C using a commercial airbrush (Master Airbrush, Model SB844-SET). The outlet of the airbrush kept a distance of approximately 15 cm with the surface of G/SiO2/Si substrate at a pressure of 35 psi. The density of CNTs is determined by the spraycoating time. The whole sample of CNTs/G was next left in a vacuum oven about 1 day to enhance its adhesion to substrates. A following graphene layer was transferred to form the sandwich composite of G-CNTs-G.
Preparation of Semiconducting SWNTs
Semiconducting SWNT solution was prepared using a modified procedure from our published work (53). 5 mg of poly [(9,9- di-n-dodecyl-2,7-fluorendiyl-dimethine)-(1,4phenylene-dinitrilomethine)] (PF-PD) and 15 mg of raw SWNTs (RN-020, from Raymor Industries Inc.) were mixed in 25 mL of toluene and ultrasonicated for 30 min at an amplitude level of 50% while externally cooled with a dry ice bath. The solution was then centrifuged at 8000 rpm for 5 min and 17 000 rpm (22 000 g) for 25 min at 16 °C. 80 % of the supernatants (20 mL) was collected and directly used for device fabrication. The SWNT networks were fabricated by drop-casting the polymer sorted SWNT solution on SiO2 wafer and then rinsed with toluene containing a small amount (1 % v/v) of trifluoroacetic acid to remove polymer residues. Toluene rinsing was used to degrade and remove the polymer residues.
Morphology characterizations (optical microscopy and scanning electron microscopy)
To characterize the morphology of multilayer graphene/graphene scrolls (MGG), we utilized OM, SEM and AFM. 
Electrical and optical properties of MGG
To compare resistances of MGG and plain graphene at strain, we first patterned them into strips (~ 300 μm wide and ~ 2000 μm long) by photolithography and O2 plasma on a Si substrate with 300-nm thermally-grown SiO2 on top and then deposited an array of Au electrodes by shadow mask and metallization method. The device array was next detached from the SiO2/Si substrate by etching SiO2 layer in BOE solution (HF:H2O 1:6) and transferred onto target elastomer substrate. To achieve a good contact during stretching test, additional macroscale liquid metal (EGaIn) was carefully connected from Au electrodes using toothpick. The entire sample was stretched in a manual apparatus and their 2-probe resistance changes were in-situ tested at strain perpendicular to the flow direction on a probe station with a semiconductor analyzer (Keithley 4200-SCS). We then measured the width and length of each strip and calculated their sheet resistances using the following formula Where capacitance (C) is dependent on the area (A) and separation (d) of two electrodes.
Capacitance measurement gated by MGG under strain
While stretching, relative areal capacitance is
Where is strain and is poisson ratio. It will increase due to the decreased thickness of dielectric layer. Figure S8 calculates the ideal relative areal capacitance change as a function of strain. Because the area of the measured capacitor is much smaller than the stretched substrate, the real strain on the capacitor is less than the strain we applied on the whole substrate. Therefore, the actual slope of the capacitance change should be flatter than that in fig. S8 .
fig. S8. Calculation of relative areal capacitance change as a function of strain.
Morphological understanding of graphene after strain.
We observed the surface of MGGs on elastomer using a variety of methods. As shown in fig. S9 , the scroll on MGG is extremely difficult to be visualized under optical microscope on elastomer substrate due to the lack of color contrast. To observe the relative movement of scroll vs. underlying graphene, we specifically zoomed into a scroll-covered region at 20% strain ( fig. S12 ). While the graphene cracks during stretching in order to accommodate strain, the scrolls are very likely not to crack at the same location, continuing to contribute a percolating pathway.
fig. S12. AFM image of trilayer MGG on very thin SEBS elastomer at 20% strain,
showing that a scroll crossed over a crack.
Simulation of graphene on SEBS under 20% strain
Graphene has a much higher modulus than that of the SEBS substrate. Although the effective thickness of the graphene electrodes is much lower than that of the substrate, the stiffness of the graphene times its thickness is comparable to that of the substrate, resulting in a moderate rigid-island effect. We simulated the deformation of the graphene and substrate under a plane strain condition, when an external strain of 20% is applied on the SEBS substrate. Geometry of simulation is shown in fig. 4I and strain of simulation is up to 20%. This is because when strain is too large, crack will generate. The graphene electrodes are modeled by beam elements with an effective thickness 1nm, and the graphene is modeled as a linear elastic material with Young's modulus 0.9 TPa and
Poisson's ratio 0.15 (43, 44) . The SEBS substrate is modeled as an incompressible neo-Hookean material with Young's modulus around 6.23 MPa, and therefore shear modulus around 2.08 MPa. The simulation result shows that at an external strain of 20%, the average strain in the graphene electrode, defined as the elongation of the graphene divided by its original length, is 6.6% (fig. 4J ). This indicates that the strain applied on graphene electrode patterns is significantly confined, forming graphene stiff islands on top of SEBS (54-56).
Optical microscope observation of graphene on SEBS under strain
To verify the above simulation result, we made graphene patterns with 200 µm features and then stretched and looked at them at optical microscope ( fig. S13a, b) . At a designated strain, graphene elongation is always smaller than SEBS. Figure S14c summarized the length changes of graphene region and SEBS region at different strains.
This observation agrees very well with the simulation result ( fig. S13d ), confirming graphene "rigid island" effect on SEBS that strain on graphene patterns is confined. 
Additional supporting information Calculation of contact resistance
Transfer-line method (TLM) was used to calculate the contact resistance. In the linear regime, the total resistance ( ) of the channel should be (58) We fabricated CNTs transistors with monolayer graphene and evaporated Au film as top contacts on 300 nm-SiO2/Si substrates and compared their contact resistances ( fig. S14 ).
Monolayer graphene shows much better contact with CNTs than using Au as contacts.
fig. S14. Contact resistances of monolayer G/CNTs and Au/CNTs at different gate voltages.
Mobility calculation of stretchable transistors
The drain current in the saturation regime is given by
Where L and W are the channel length and width respectively, C is the gate capacitance, μ is the field-effect mobility, and is the threshold voltage. The square root of the saturation current could be plotted as a function of the gate voltage. The slope of the plotted straight-line gives mobility μ while its extrapolation to the axis corresponds to the threshold voltage . C was measured aforementioned using a planar capacitor model, assuming a constant capacitance of 1 nF/cm 2 at strain up to 120%. Table S1 summarized mobilities and threshold voltages of bilayer MGG-SWNTs transistors at different channel lengths before and after strain. 
